Cardiac tumors are uncommon, with primary cardiac tumors being exceedingly rare. Benign primary cardiac tumors are more common than malignant primary cardiac tumors. Common benign cardiac tumors include myxoma, lipoma, papillary fibroelastoma, rhabdomyoma, fibroma, hemangioma, and paraganglioma. Malignant cardiac tumors include metastasis, angiosarcoma, rhabdomyosarcoma, and lymphoma. Clinical presentation depends on tumor pathology, location, and hemodynamic effects. Echocardiography, computed tomography, and magnetic resonance imaging often play a key role in differentiating between benign and malignant tumors, assessing the extent of tumor involvement, presurgical planning and management, and postoperative follow-up of cardiac masses.
INTRODUCTION
Cardiac masses are uncommon, and primary cardiac tumors are especially rare, with a prevalence of 0.001 to 0.28% of the general population in autopsy studies [1] . They can be either benign or malignant [2] . The clinical presentation of cardiac masses depends on their pathology, location, and hemodynamic effects [3] .
Imaging studies often play a key role in the diagnosis and management of cardiac masses. Echocardiography, chest radiography, computed tomography (CT), and magnetic resonance (MR) imaging, with or without electrocardiogram (ECG)-gating, are frequently used modalities for evaluating cardiac masses [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Cardiac masses can be classified by location as intraluminal (including valvular and non-valvular), mural, and pericardial. Many cardiac tumors tend to grow in certain locations, which can be helpful in determining differential diagnoses. Table 1 shows the typical locations of common cardiac masses.
Cardiac masses can also be classified as benign tumors, malignant tumors or non-tumoral masses. Benign primary cardiac tumors are more common than malignant primary cardiac tumors, with about 25% of primary cardiac tumors being malignant [13] . Some imaging features that may help distinguish benign from malignant neoplasms include location, size, margins, the presence of a feeding artery, calcification, or pericardial effusion [3, 9] . This article describes the imaging features of common benign and malignant cardiac masses.
The patient characteristics and imaging features of common cardiac tumors are listed in Table 2 .
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BENIGN CARDIAC TUMORS Myxoma
Myxomas are the most common primary cardiac tumor, accounting for 25-50% of cases [20] . They occur most often in patients 30 to 60 years old, with a higher prevalence in women [21, 22] . Most occur sporadically, although there have been cases of familial lesions and lesions associated with a clinical complex [23] . The classic clinical triad consists of 1) symptoms related to blood flow obstruction, 2) embolic events, and 3) constitutional symptoms such as fever, malaise, and weight loss [24] . A combination of two or more signs of this triad is suggestive of myxoma [25] . In a series of 83 patients with cardiac myxomas, 71 (88%) were symptomatic [21] . About 59-75% of myxomas occur in the left atrium, often with a pedunculated attachment to the atrial septum near the fossa ovalis. The rest occur in the right atrium, right ventricle, left ventricle, or involve both atria or even multiple chambers [21, 24] . Thromboembolic events occur in about 30-40% of patients with myxomas, especially with myxomas that are large and friable [26] .
On imaging, chest radiography may show direct signs of intracardiac calcifications (16%) and cardiomegaly (35%), or indirect signs of elevated left atrial pressure, prominent pulmonary trunk, pulmonary edema, and pleural effusion [21] . Echocardiography shows a well-defined, hyperechoic mass. CT demonstrates spherical or ovoid tumors with lobular or smooth contours, with an overall attenuation slightly lower or equal to that of myocardium. Coarse or punctate calcifications may be seen in about 14% of cases, and heterogeneous enhancement is seen after intravenous contrast administration. The tumor can be soft and mobile, and is usually located in the left atrium ( Fig. 1 ) or right atrium (Fig. 2 ). Associated findings include tumor extension into the great vessels, tumor emboli in the aorta, and thromboembolic events such as stroke and splenic and renal infarcts [21] . On MR imaging, the tumor is typically heterogeneous in signal intensity, appearing hypo-or isointense to myocardium on T1-weighted images, hyperintense on T2-weighted images, and with heterogeneous enhancement after intravenous gadolinium administration [7, 21] .
Cardiac myxomas are treated surgically and have an excellent long-term prognosis [27] . MR imaging can aid in surgical planning by providing accurate assessment of the size, location, and point of attachment of the myxoma to the cardiac wall or valve [21] . Recurrence may occur rarely ( Fig. 3) , especially in men, younger patients, and patients with multicentric and familial type myxomas, smaller myxomas, and myxomas located in the ventricles [28] [29] [30] . For these patients, postoperative follow-up with imaging surveillance for the first 10 years is recommended [30] . In non-hereditary myxomas, the recurrence rate is low, and the necessity of long-term echocardiographic follow-up is questioned [31] .
Lipoma
Lipomas are the second most common benign cardiac tumor. They are composed of mature adipose tissue and occur in a wide age range [1, 16, 20] . Lipomas have been reported in association with tuberous sclerosis complex [32] . Small lipomas are often asymptomatic and discovered incidentally, whereas larger or pericardial lipomas may manifest with symptoms such as compression of coronary arteries, arrhythmias, and outflow obstruction [9, 33] .
The fat density of a lipoma is readily identified on CT [16, 20] . On MR images, the tumor demonstrates high signal on both T1-and T2-weighted images, and decreased signal on fat saturation sequences [14, 20] . Lipomas must be differentiated from a number of fat-containing lesions in and around the heart, including lipomatous hypertrophy of the interatrial septum, fatty myocardial foci in tuberous sclerosis complex, arrhythmogenic right ventricular dysplasia, ischemic cardiomyopathy, and liposarcoma [34] . An encapsulated appearance with a lack of ag- [34] . While symptomatic lipomas are treated surgically, the management of asymptomatic lipomas is controversial. Some authors advocate for conservative followup, whereas others prefer surgical resection due to the possibility of liposarcoma and events related to arrhythmia and obstruction [35] .
Papillary fibroelastoma
Papillary fibroelastoma is the most common neoplasm of the cardiac valves and papillary muscles [36] . The tumor is composed of delicate, papillary frond-like projections and is likened to a sea anemone [9, 37] . Papillary fibroelastomas occur in a wide age range, with the highest prevalence in patients 70-79 years old, and are equally common in men and women [38] . The aortic valve is the most common site, followed by the mitral valve [38] . The majority of papillary fibroelastomas are small and asymptomatic, but some may present with symptoms such as transient ischemic attack and stroke in patients with mitral valve tumors, or sudden cardiac death and myocardial infarction in patients with aortic valve tumors [38] . Valvular insufficiency is not a feature of papillary fibroelastoma, owing to its location away from the free edge of the leaflet [39] .
Fibroelastomas are typically diagnosed by echocardiography, where they are seen as small mobile masses attached to the valve (Fig. 4 ). Because of its papillary projections, a fibroelastoma may demonstrate a stippled edge with a "shimmer" or "vibration" at the interface of the tumor with the surrounding blood, a sign that can help distinguish the tumor from a thrombus [9, 39] . ECGgated CT angiography may reveal a nodular lesion attached to the valve, away from the valvular free edge [13] . On MR images, fibroelastomas are of intermediate signal on both T1-and T2weighted images, and are well-demonstrated on cine MR images [40] .
Surgical excision is the treatment standard with valve-sparing techniques, leaflet repair, or valve replacement. Recurrence has not been reported in the literature [37] . 
Rhabdomyoma
Rhabdomyomas are the most common primary cardiac tumor in children, particularly in infants, with up to 50% associated with tuberous sclerosis [41, 42] . Most are asymptomatic and discovered incidentally by prenatal ultrasound or the presence of a heart murmur during neonatal screening [2] . Some patients may present with signs of heart failure or cardiac arrhythmias [41] . Rhabdomyomas may regress spontaneously in size and 
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number, especially in patients younger than 4 years old [43] .
On echocardiography, rhabdomyomas appear as solid hyperechoic masses, usually located in the ventricular myocardium or ventricular septum. In some cases, the lesions are small and multiple, and appear as diffuse myocardial thickening [2] . CT may demonstrate myocardial thickening with spotty calcifications or a solid homogeneous mass (Fig. 5 ) [14] . MR images typically show a homogeneous mass within or attached to the ventricular myocardium, isointense on T1-weighted images, mildly hyperintense on T2-weighted images, and with enhancement after intravenous gadolinium administration [44] .
Surgery is not routinely recommended unless the patient is symptomatic, usually with left ventricular outflow obstruction or arrhythmias; these cases respond well to surgical excision [2] .
Fibroma
Fibromas are the second most common primary cardiac tumor in infants and children. About one-third of fibromas occur before the age of 1 year [2] . Fibromas may occur in association with polyposis syndrome such as familial adenomatous polyposis and Gorlin (nevoid basal cell carcinoma) syndrome [45] . Some patients are asymptomatic, while others may present with heart failure, arrhythmias, and sudden death, likely due to involvement of the cardiac conduction system [2] .
On imaging, chest radiography may demonstrate a focal car-diac bulge or contour abnormality if the tumor involves the ventricular free wall. Tumor calcifications may be seen in about 25% of cases [2] . Fibromas on echocardiography appear as heterogeneous echogenic masses that are sometimes multifocal and may occasionally have central calcifications, with hypokinesia of the affected myocardium [46] . CT demonstrates a heterogeneous mural mass with enhancement after intravenous contrast administration; calcifications are visible in about 25% of cases [2] . On MR images, fibromas are typically seen as intramyocardial lesions involving the ventricular septum or free wall, with well-defined borders, heterogeneous signal on T1-and T2-weighted images, and strong enhancement after intravenous gadolinium administration, with or without a hypoenhancing core correlating with fibrous tissue [44] . The treatment of choice is surgical excision, with generally favorable outcomes [46] . Patients with very extensive tumors may benefit from partial tumor excision [47] . Recurrence is rare after surgical treatment [46] .
Hemangioma
Cardiac hemangiomas are rare, accounting for about 5-10% of benign cardiac tumors, and can affect patients of all age groups [2] . Most patients are asymptomatic, but some may present with exertional dyspnea, heart failure, pericarditis, and thromboembolic disease [48] . 
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On imaging, hemangiomas may be found anywhere in the cardiac region, from the pericardium to the subendocardial structures [48] . CT images may demonstrate a heterogeneous mass with foci of calcifications and avid enhancement after intravenous contrast administration (Fig. 6) [13] . On MR images, hemangiomas exhibit intermediate signal on T1-weighted images, bright signal on T2-weighted images, and marked enhancement after intravenous gadolinium administration [49] .
Paraganglioma
Cardiac paragangliomas are very rare, with less than 160 cases reported in the literature [50] . They arise from the neuroendocrine cells in the normal cardiac ganglia and may come from visceral paraganglia in the left atrium, most frequently in the posterior wall or the left atrial roof, or from the interatrial septum or paraganglia along the coronary arteries [9] . Patients are usually younger adults, with a mean age of 39.7 years at diagnosis [50, 51] . In cases of functioning paragangliomas, patients may present with symptoms of catecholamine overproduction such as hypertension, headaches, palpitations, and diaphoresis [51] . At echocardiography, paragangliomas typically appear as large, echogenic masses, and encasement of the coronary arteries may be seen [9] . On CT images, they appear as circumscribed, heterogeneous, low-attenuation masses that enhance avidly after contrast administration [9] . At MR imaging, paragangliomas exhibit isointensity on T1-weighted images, bright hyperintensity on T2-weighted images, and intense enhancement with contrast administration (Fig. 7) [9, 13] . Central necrosis and hemorrhage may be present, as well as internal calcifications [50] . Surgical resection is the treatment of choice and can be curative with good long-term survival, but may be difficult in cases of coronary artery involvement [52] .
MALIGNANT CARDIAC TUMORS Metastases
Cardiac metastases are 20 to 40 times more frequent than primary tumors [6, 20] . The most common primary sites are the 
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A B C Fig. 10 . A 33-year-old man with progressively severe dyspnea for one week. Chest radiography (A) shows cardiomegaly. Echocardiography (not shown) revealed a massive pericardial effusion, which appeared bloody during pericardiocentesis. Computed tomograms of the chest before (B) and after (C) contrast administration demonstrate an irregular, heterogeneously enhancing mass at the right atrial wall. Surgical pathology revealed angiosarcoma. One year later, the patient passed away due to bleeding of the metastatic tumors in the liver (D) and brain (E).
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Imaging of Cardiac and Pericardial Masses CVIA lung, breast, and hematologic malignancies, in that order. Malignant melanoma is also prone to metastasize to the myocardium, but only presents in the late stages [18] . The pericardium and epicardium are involved in 65-70% of patients, usually by direct invasion. The myocardium is involved in approximately 30% of patients (Fig. 8) . Endovascular extension with endocardial or intracavitary tumor is rare, and usually occurs by extension from the inferior vena cava into the right atrium ( Fig. 9 ) [18] .
Imaging presentation varies with the primary origin of the tumor, and appearances and enhancing patterns identical to the primary lesion are clues for diagnosis. The presence of metastases involving other organs is also an indirect sign. In general, cardiac metastases are low-attenuation masses with heterogeneous enhancement on CT images, hypointense on T1-weighted images, and hyperintense on T2-weighted MR images. The exception is malignant melanoma, which demonstrates hyperintensity on T1-weighted images [6, 7, 18] . Malignant pericardial effusion frequently occurs; exudative or hemorrhagic effusions exhibit high signal on T1-weighted images, which can be differentiated from other pericardial effusions [6, 7] .
Angiosarcoma
Angiosarcoma is the most common primary cardiac malignancy of adulthood, accounting for approximately 9% of primary cardiac tumors [6] . It is more common in men and occurs over a wide age range [53] . Unlike other sarcomas, about 80% of angiosarcomas involve the right atrial free wall and may extend to the pericardium [6, 13, 54] . Right atrial perforation and cardiac tamponade due to angiosarcoma have been reported [55] . 
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On CT images, they usually present as low-attenuation lesions that enhance heterogeneously after intravenous contrast administration [13] . There are two main morphologic appearances: focal nodules with cauliflower appearance protruding into a cardiac chamber, and diffusely infiltrative masses extending along the epicardial surface ( Fig. 10 ) [6] . MR images may demonstrate hemorrhage as hyperintense foci on T1-weighted images. Areas of central necrosis and hemorrhage are characteristic findings and result in heterogeneous signal intensity on T2-weighted images [6, 7, 18, 56] . Intravenous contrast administration usually demonstrates avid enhancement [13] . In cases of pericardial infiltration, a "sunray appearance" may be seen as a result of linear enhancement along vascular spaces [56] . Tumor invasion to the pericardium usually appears as a sheet-like thickening of the pericardium and the presence of pericardial effusion [53] . The right coronary artery may be involved, posing a risk for vessel rupture [18] . Angiosarcomas metastasize in 66-89% of patients, most often to the lungs, liver, and brain ( Fig. 9D and E) . Presentation is late and metastasis is often seen at the time of diagnosis [6, 7] .
Rhabdomyosarcoma
Rhabdomyosarcomas are the most common primary cardiac malignancy in children, but also occur rarely in adults [7] . The Imaging of Cardiac and Pericardial Masses CVIA embryonal subtype occurs in children, whereas the much less pleomorphic subtype occurs in adults [1] . These tumors may occur in any chamber, but tend to involve the valves more often than other primary cardiac sarcomas. Clinical symptoms depend on the location of the tumor, but congestive heart failure is a common presentation [7] . On CT images, rhabdomyosarcomas typically appear as lowattenuation, bulky, infiltrative masses with central necrosis [9] . On MR images, the tumors exhibit heterogeneous signal intensity on both T1-and T2-weighted images. Contrast enhance-ment of the solid, non-necrotic portions is usually seen [7] .
Other sarcomas
A number of other sarcomas may occur in the heart, including pleomorphic sarcoma, fibrosarcoma, osteosarcoma, leiomyosarcoma, and liposarcoma [13] . These are rare entities with variable imaging findings, but most arise from the left atrial wall and exhibit slow infiltrative growth patterns [57] . Surgery is rarely feasible and considered as palliative therapy for most patients [57] . 
Lymphoma
Primary cardiac lymphomas are extremely rare, with secondary lymphoma being much more common [7] . In primary cardiac lymphomas, the most common is the diffuse large B-cell type [48] , which usually occurs in patients around 60 years of age and in men more often than women. Lymphoma tends to involve the right side of the heart and infrequently involves the valves [1] .
On CT images, lymphomas appear as thick myocardial or pericardial masses that are hypodense or isodense relative to the myocardium, with heterogeneous enhancement after intravenous contrast administration ( Fig. 11 ) [58] . On MR images, lymphomas typically exhibit low signal intensity on T1-weighted images and high signal on T2-weighted images [59] .
Non-tumoral masses
Several mass-like lesions in the heart can mimic tumors. The crista terminalis is a normal anatomical structure that may sometimes be mistaken for a tumor [18] . Thrombi are also common, and can usually be distinguished from tumors such as myxomas by shape and location [11] . Thrombi are usually smaller than myxomas, do not enhance, and are typically located in the left atrial appendage or posterior wall; myxomas tend to be attached at the fossa ovalis. In addition, thrombi do not prolapse through the cardiac valves as myxomas might [60] . Pericardial cysts can be identified by their well-demarcated appearance with water density on CT, low signal on T1-weighted images, high signal on T2-weighted images, and lack of contrast enhancement ( Fig.  12 ) [6] . Lipomatous hypertrophy of the interatrial septum is seen on CT as a "dumbbell-shaped" hypodense mass involving the interatrial septum, sparing the fossa ovalis ( Fig. 13 ) [18] . Caseous necrosis of the mitral valve occurs as a rare variant of mitral annular calcification and typically involves the posterior mitral annulus at the atrioventricular groove. In the early phases, the mass is hyperintense on both T1-and T2-weighted images [6] . Valvular vegetations occur in the setting of infective endocarditis and can be identified as low-attenuation masses involv-ing the valvular leaflet free edge, for which cardiac CT is both highly sensitive (97%) and specific (88%) [18] .
